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<g) Process for the synthesis of glycol monomethylethers, 

m A process for the synthesis of glycol monomethylethers 
®nsrstfng of reacting an olefin compound, methanol and hy- 
d"g peroxide in aqueous solution in the P^e^^^^^^^^^^^ 
thetic zeolites containing titanium atoms, of general formula. 

xTi02.(1-x)SiO2, 

where x lies between 0.0001 and 0.04 
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a single stage. 

5 u IS Unown to prepare .lycol .o.o.ethylet.ers .y reactins . 
epoxide with methanol, using an acid as catalyst. 

• .*W8 have the drawback of requiring several 
These preparation methods have me 

reaction stages. 

~. • "°" " 

to give tnonoiaethyletbers- 

..„.ct »t«r .£ tb. preset l„ve«.o» is . precc. for .ho . 

0U«.ic co=po»*. '» "•»"°'' 

..e p.e.e.=e o, .,.t.o«c «o.Ue= .0.^^ — — « 
(t„»i™ .lUclUos). o£ the £.U»rt«S S»er.l tofuU: 
itTi02.a-x)Si02. 

where x lies between 0.0001 and 0.04. 

„ .eolites used for the epoxidation reaction are 
20 Ttie synthetic seolltes useu 

Ulustrating the material and relative .ethod of preparation. 

» «f the titanium silicalite expressed in terms 
The composition ravige of the tiianj. 

of «olar ratios of the reagents is as follows: 

preferably 

25 Molar ratio of reagents 

5-200 35-65 

SiO_/liO, 
Ofl /SiO^ 

20-200 

H2O/SIO2 
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+. n 1-2 0 0.4-1.0 

RH /SiOj 0.1-2.U 

r/ indicates the nitrogenated organic cation deriving from the 
organic base used for the preparation of the titanium silicalite 

5 (TS-1). 

He is an alkaline ion, preferably Na or K. 
The final TS-l has a composition satisfying the formula 
rf:i02.(l-x)SiQj. where x lies between 0.0001 and 0.04, and preferably 
between 0.01 and 0.025. The TS-1 is of the silicalite type, and 
10 all the titanium substitutes the silicon. 

The synthetic material has characteristics which are shown up by 
X-ray and infrared examination. 

The X-ray examination is carried out by means of a powder <fi^cto«eter 
provided with an electronic pulse counting system, using the radiation 
15 CuK^'. The titanium sillcalites (TS-1) are characterised by a X-ray 
diffraction spectrum as shown in Figure lb. This spectrum is similar 
overall to the typical spectrum of silicalite (Figure la), however 
it has certain clearly "single" reflections where double reflections 
are evident in the pure silicalite spectrum. 
20 Because the spectral differences between TS-l and silicalite are 
relatively small, special accuracy is required in the spectral 
determination. For this reason TS-l and silicalite were examined 
by the same apparatus, using AI2O3 as the internal standard. 
Table 1 shows the most significant spectral data of a TS-1 where 
25 X - 0.017, and of a pure silicalite. 

The constants of the elementary crystalline cell were determined 
by the minimum square method, on the basis of the interplanar 
distances f 7-8 single reflections lying within the range of 
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10-40" 2 0^ 

A large proportion .£ the l«crpl«»r dls«nc.. of TS-l .re 
„„.o.tl,U, s<-." than the corrcspondlns 

sUlcUte. althoosh o.l, oUshtly. vUcH 1. 1» .ccordanoe .1th the 

1 » «f the Ti-0 bond distance relative to that 
5 larger predictable value of the ii u 0° 

of the Si-0 bond distance. 

. ,..aso .ro„ a .o.Uo renoctlo. to . .iosU reHectlo. Is interpreted 
„ a c...8e .ro« . -»ocll«lc .,-tr, (paeudo orthorl.»*lc) 
(aiUcallte) to .« effective orthorh«*U .y»etr,, "tltaolu. 
10 sUlcallte" (TS-1). I. Figure 1. the .o.t apparent aforesaid 
spectral dlffereoee. are Indicated by arro™. 

IsmtEX mHX»*TIO«. IS-l aho» a characteristic aWptlo. W 
at ahout 950 c.-^see Figure 2. spectra C and .) vhlch Is not 
present 1. the pnre slUc.Ute spectro. (figure 2. spectre. «. and 
„ 1. also ahsent In tltanlo. oxides (rutlle. anastasO and 1. .mUne 
titanatcs. 

spectre. B 1, that of TS-1 vlth 5 «U of TIV •'-"»° = ^' 
of TS-1 .ith 8 noli of TIO, . and spectre. . 1. that of IS-1 .1th 

2.3 mol% of TiO^. 

JO M can he seen fro. ng^e 2, the band Intensity at approxl^tel, 
«0 c- Vreases .1th the ,u.ntlty of tltanle. .hlch .ehstlt.te. 
the silicon in the slllcalit. structure. 

HOKPHOl*,. Fro. e «rphologlca. aspect. «-l Is 1. the for. of 
parallelepipeds .1th cha.fered edges. * Way .Icroprohe e...lnatlon 
„ has sho™ that the tltaolu. distribution -rtthln the crystal is 

perfectly unlfor.. thus confirming that the tlta.lu. substitutes 
the silicon in the sUleallte structure, and is not present 1. other 
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forms < 

The process for preparing titaniuia silicalite comprises the preparation 
of a reaction mixture consisting of sources of silicon oxide, 
titanium oxide and possibly an alkaline oxide, a nitrogenated organic 
5 base and water, the composition in terms of the molar reagent ratios 
being as heretofore defined* 

The silicon oxide source can be a tetraalkylorthosilicatc, preferably 
tetraethylorthosilicate, or simply a silicate in colloidal form^ or 
again a silicate of an alkaline metal, preferably Na or K. 
10 The titanium oxide source is a hydrolysable titanium compound 

preferably chosen from TiCl^, TiOCl^ and Ti(alkoxy)^, preferably 
TiCOC^Hg)^ . 

The organic base is tetraalkylammoniura hydroxide, and in particular 
tetrapropyl ammonium hydroxide* 

15 The reagent mixture is subjected to hydrothermal treatment in an 
autoclave at a temperature of between 130 and ZOO^'C under its own 
developed pressure ^ for a time of 6-30 days until the crystals of 
the TS-1 precursor are formed. These are separated from the mother 
solution, carefully washed with water and dried. When in the 

20 anhydrous state they have the following composition: 
xTiO^-d-xjSiO^, 0,04(RN )^0* 

The precursor crystals are heated for between 1 and 72 hours in air 
at 550**C to completely elitninate the nitrogenated organic base. The 
final TS-1 has the following composition: 
25 xTi02.(l-x)SiO^, where x is as heretofore defined. 

Chemical and physical examinations are carried out on the products 
thus obtained. 
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The glycol BonomethylethGT synth sis reaction is as follows. 
R-CH=CH-R' + H^Oj + CR3OH > B-CH-CH-R- + H^O 

6h 0CH3 

Hh«e R and RS Which can be the saine or different, canbe H, or 
5 an alUyl. aryl, alkyUryl, cycloalfeyl or alkylcycloalkyl radical. . 
The methanol can be repUced by another alcohol. 
The products obtained can be used as solvents, as intermediates or 
as "solutlzers" feet methanol In petrols. 

The optimum reaction temperature is between 50 and ISO^'c, and 
10 preferably about lOO'^C. At lower temperatures more epoxide and less 
ether are obtained. The pressure is that suitable for maintaining 
the olefin ooir«)ound dissolved in the nethanol. 

The reactions can also be carried out with HjOj in aqueous solution 
at low concentration (10-70R w/v). 
15 By way of example, the olefins which caii be used for the synthesis 
of glycol jnonomethylethers by this process are ethylene, propylene, 
butene-1, cis butene-2, trans butene-2 and isobutene. 
Some examples are given hereinafter in order to better illustrate 
the invention, but these are not to be taken as limitative thereof 

. 20 in ^y way. 
EXAMPISS 1-6 

100 CO Of methanol. 3 g of catalyst and 50 g of olefin are fed into 
a 250 cc stainless steel autoclave fitted wiUi a magnetic stirrer, 
an inlet for feeding the reagents and a dip tube for solution 
25 withdrawal. 

The autoclave is Immersed in a bath temperature-controlled at 100°C, 
and, using a metering pump, a quantity of 36r. w/v H^O^ is fed equal 
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to 60 BOW of thaolrfln. The progress of the reaction with ttoe 
is followed br withdtaiAng sajnples of the H2O2 and titrating. When 
H^O^ is no longer present, the reaction is interrupted and the 
products are analysed by ctaxMnatograph. 
5 The results are given in Table 2. 

The sa»e reactions can be carried out with the catalyst on a fixed 
bed by pumping the olefin/netbanol solution and the HjOj solution 
using two metering pumps which are preset such that the molar 
HjOj/olefin ratio is about 0,6. 
10 ESUiMPIES 7-10 

in order to demonstrate that dilution of the H^Oj with water is not 
essentUl for the purposes of the reaction according to the invention, 
tests were carried out under the conditions of ExaJoples 1-6, using 
butene-2 and propylene with lOK w/v and 70X w/v ^^G^, and maintaining 
15 the feed ratio unaltered at 6051. 
ihe results are shown in Table 3. 



TABLE 1 . ' ..Lg^^ ' ■-- ' 
„ 1 • SllicaUte 

2^^ Ifttor- r -. ^-^-^'^ ^^^^ 

.(CuJ^b Pla-^ ' . -{Cul^ plan ar- 

dlstane^ cL(a) dlst&noe d(A) 

7.94 11.1^ ' • 7.94 IX. 14 Vs^ 

8.8'v 9.99 s fl.e s 9.99 8 

9.08 9.74 m • 9.08 9.7 4 ' m ' 

13.P.I 6.702. V . ^•^8'^ 

13.92 6.362 ww 13.95 6.348 

14.78 5.993 mw 14.78 5.993 mw 

15.55 5.698 v 15.55 S«698 '\t* 

15.90 5.57A 15.90 5.574 V 

17,65 5.025 w 17.65 5.025' ^ 

. 17.81 4.980 w ' . 17.83 4.975 V 

20,37 4.360 « ' j 20.39 4.355 V 

20.85 4,260 raw 20.87 4.255 

23,07 3.85S 6 23,08 3.653 a 

23.28 3.821 ps^ 

23.29 3.819 s , 

23.37 3.806 «9 

23.71 • 3.753 ms 

23, 72 3.751 s ' ' — 

• 23.60 3.739 n>3 

23.92 3.72Q . s 23.94 3.717 a_ 



.8- 0100118 





24.30 


3t655 




24.41 3.646 ra ' 




24.60 


3,619 


mw 




25,84 


3,448 


« 

* • 

V 


20.87 3.444 w 




25.97 


3.431^ 


V . 


26.87 3.318 w* 


26.95 


3.308 


w» 




29.23 


3,055 




29.27 3. 051 mw 




29.45 


3,033 


V 


29,90 2.988 mw 


29.90 . 


2,988 


mw 


30,34 2,946 w 


30.25 


2.954 




45>,00 2,014 mw* 


45.05 


2,oia 


KIW* 


45.49 1.994 mw* 


45.60 


1,S89 


mw* 


a) ftrepared "by the method 


of U.S. P&tent *i 061,72^! 


product 



calcined at 550°C» 

vsi very strongi si strongi mt meairaa-strongi mi 
pnri aedlum-weafcj wi weafci *i multiplet. 
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1. A process for the synthesis of glycol monooiethyl ethers, 
characterised by reacting together an olefin compound, methanol 
and hydrogen peroxide in aqueous solution, in the presence of 

5 synthetic zeolites containing titanium atoms, of general fonouU: 

acTxO^ • <l-x)Si02 
where x lies between 0.0001 and 0,04, 

2. A process as claimed in claim 1* characterised in that 

the reaction is carried out at a temperature of between 50 and ISO^C- 
10 3. A process as claimed in claim If wherein the hydrogen 

peroxide is in dilute aqueous solution. 

4. A process as claimed in claim 1, herein the hydrogen 
peroxide in the aqueous solution is between 10 and 70% w/v* 

5. A process as claimed in claim 1, wherein the olefin compound 
15 is chosen from ethylene, propylene, butene-1* cis butene-2, 

trans butene-2 and isobutene. 
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FIG. 1 
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